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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention is generally in the field of embedded antennas. More 
specifically, the present invention is in the field of embedded antennas in semiconductor 
5 die packaging. 

2. BACKGROUND ART 

The increasing need for mobility and the expanding range of wireless services are 
driving a growing consumer demand for small size, high-performance and feature-rich 
wireless communications devices, such as wireless handsets, at competitive prices. In 
order to meet this consumer demand, the design goal of manufacturers of these wireless 
communications devices is to achieve the highest performance with the least amount of 
implementation complexity. Manufacturers can reduce implementation complexity by 
optimizing the integration of the various components that are used in the manufacture of 
the wireless communication devices. However, one wireless communication device 

IP's 

ii component that has not been optimized yet from and a size and integration perspective is 
the antenna. Most of the antenna configurations currently in use consist of a simple rigid 
metallic wire protruding from the wireless communication device. 

The simple rigid metallic wire antenna mentioned above requires a standard 50.0 
ohm transmission line to connect the antenna to the transceiver section of a wireless 
20 communication device. However, since the antenna does not always present a 50.0 ohm 
impedance to the transceiver, an impedance matching circuit is required to match the 
antenna impedance to the 50.0 impedance of the transceiver. The required impedance 
matching circuit increases the manufacturing cost of the wireless communication device. 
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Additionally, the 50.0-ohin transmission line discussed above can produce line losses that 
decrease the performance of the wireless commimication device. 

One approach for integrating an antenna in a wireless communication device 
involves printing a patch or dipole antenna on the main printed circuit board of the 
5 wireless communication device. Although the above approach provides an integrated 
antenna on the main printed circuit board, the resulting integrated anteima has the 
undesirable effect of taking up valuable real estate on the main printed circuit board. 

Another approach utilizes miniaturized antennas in a stand-alone configuration for 
Global Positioning System ("GPS") and Bluetooth applications. Although these 

'SPSS?- 

& miniaturized antennas have a small size, they still require a standard 50.0 ohm 

im 

transmission line and impedance matching circuit for proper coupling to the transceiver 
,^1 section of the wireless communication device. As discussed above, the impedance 
matching circuit increases the cost of the wireless communication device. Also, as 

IPs ii 
a t^' 

r 

^ discussed above, the 50.0-ohm transmission line can produce line losses that decrease the 

5 

^ performance of the wireless communication device. Further, a stand-alone antenna must 
be attached to a printed circuit board in the wireless communication device, and thus 
requires an additional assembly cost. 

A slot antenna for semiconductor applications was reported in a paper by H. 
Rogier et al, "Design of an On-Package Slot Anteima for Bluetooth Applications," 
20 Proceedings of the 9^*^ IEEE Topical Meeting on Electrical Performance of Electronic 
Packaging, pp. 292-295, October 23-25, 2000 (European Patent no. 1204 18N pending). 

Therefore, there exists a need for an antenna that has a small size and is integrated 
in wireless communication device. More specifically, there exists a need for an antenna 
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that does not take up real estate on the main printed circuit board of the wireless 
communication device, and does not require the additional assembly cost of a stand-alone 
antenna. Moreover, there exists a need for an antenna that does not require an impedance 
matching circuit to match the antenna impedance to the impedance of a transceiver in a 
5 wireless communications device. 
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SUMMARY OF THE INVENTION 
The present invention is directed to a laminate package embedded antenna. The 
present invention overcomes the need in the art for a small size, low cost antenna that is 
integrated in a communication device by fabricating an antenna on a laminate substrate 
5 which also houses a semiconductor die coupled to the antenna. 

According to one exemplary embodiment, a structure comprises a laminate 
substrate having a top surface for receiving a semiconductor die. For example, the 
laminate substrate can be an organic or a ceramic laminate material. The structure further 
comprises an antenna element situated on the top surface of the laminate substrate, where 

b 

w the antenna element is coupled to a laminate substrate bond pad. For example, the 

antenna element may comprise copper. By way of further example, the antenna element 

y 

may be a square metal pad, or may form a slot line, meander line, or patch pattern. For 
1* example, the antenna element may also be coupled to the laminate substrate bond pad by 
^ a trace on the top surface of the laminate substrate. 

H According to this exemplary embodiment, the structure further comprises a 

bonding wire that provides an electrical connection between the laminate substrate bond 
pad and a semiconductor die bond pad. For example, an input impedance of the antenna 
element coupled to the laminate substrate bond pad may match an output impedance at 
the semiconductor die bond pad. The structure may further comprise a capacitor coupled 

20 to the antenna element. For example, the capacitor may be an embedded capacitor. 
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J! 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a cross-sectional view of an exemplary structure in accordance 
with one embodiment of the present invention. 

Figure 2 A illustrates a top view of an exemplary antenna element according to an 
embodiment of the present invention. 

Figure 2B illustrates a top view of an exemplary antenna element according to an 
embodiment of the present invention. 

Figure 3 illustrates a cross-sectional view of an exemplary structure in accordance 
with one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention is directed to a laminate package embedded antenna. The 
following description contains specific information pertaining to various embodiments 
and implementations of the invention. One skilled in the art will recognize that the 
5 present invention may be practiced in a manner different from that specifically discussed 
in the present application. Moreover, some of the specific details of the invention are not 
discussed in order not to obscure the invention. The specific details not described in the 
present application are within the knowledge of a person of ordinary skills in the art. 
The drawings in the present apphcation and their accompanying detailed 
II description are directed to merely example embodiments of the invention. To maintain 

m 

jj; brevity, other embodiments of the invention that use the principles of the present 

invention are not specifically described in the present application and are not specifically 

n 

1^^ illustrated by the present drawings. 

^ Structure 100 in Figure 1 illustrates a cross-sectional view of an exemplary 

CI 

m structure in accordance with one embodiment of the present invention. Structure 100 
includes laminate substrate 102, which provides support for semiconductor die 104. It is 
noted that a " semiconductor die," such as semiconductor die 104, is also referred to as a 
"die," a "chip," or a "semiconductor chip" in the present application. Laminate substrate 
102 can comprise an organic material such as polytetrafluoroethylene material or an FR4 

20 based laminate material. In one embodiment, laminate substrate 102 can comprise a 
ceramic laminate material. 

Laminate substrate 102 can comprise metal layers, not shown in Figure 1, to shield 
antenna element 124 from the environment and provide a ground plane for antenna 
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element 124. In one embodiment, the metal layers in laminate substrate 102 can form a 
"hole" imdemeath antenna 124 to allow radiation to be emitted and received by antenna 
element 124. In another embodiment, antenna element 124 can be situated on bottom 
surface 126 of laminate substrate 102 and semiconductor die 104 can be situated on top 
5 surface 108 of laminate substrate 102. In such instance, a metal layer in laminate 
substrate 102 can shield semiconductor die 104 from radiation emitting from antenna 
element 124 and provide a ground plane for antenna element 124. 

As shown in Figure 1, semiconductor die 104 is attached to die attach pad 106 on 

ii . top surface 108 of laminate substrate 102. Die attach pad 106 can be AUS-5 solder 

O 

mask; however, die attach pad 106 may comprise other materials. Semiconductor die 

rii 

;P 104 is attached to die attach pad 106 by a die attach material, not shown in Figure 1, such 

% as silver-filled epoxy or bismalemide. Generally the die attach material can be an 

i? 

1=^ electrically conductive or electrically insulative, thermoset adhesive, or a combination 

01 thereof 

f] ?. 

f J 

p Also shown in Figure 1, a first end of bonding wire 1 10 is bonded to 

semiconductor die bond pad 112 on semiconductor die 104, and a second end of bonding 
wire 1 10 is bonded to laminate substrate bond pad 1 14. Thus, bonding wire 1 10 provides 
an electrical connection between semiconductor die bond pad 1 12 and laminate substrate 
bond pad 1 14. Bonding wire 1 10 can be gold or can comprise other metals such as 

20 aluminum. The diameter of bonding wire 110 can be 30,0 microns or other diameter of 

choice. A first end of bonding wire 1 16 is bonded to semiconductor die bond pad 1 18 on 

semiconductor die 104, and a second end of bonding wire 1 16 is bonded to laminate 

substrate bond pad 120. Bonding wire 1 16 is similar to bonding wire 1 10 discussed 
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above, and can comprise the same material as bonding wire 110. 

As shown in Figure 1, laminate substrate bond pad 1 14 is fabricated on top surface 
108 of laminate substrate 102. In structure 100, laminate substrate bond pad 114 can 
comprise nickel-plated copper. Laminate substrate bond pad 1 14 can further comprise a 

5 layer of gold plating over the nickel-plated copper. However, laminate substrate bond 
pad 1 14 can comprise other metals, such as aluminum, molybdenum, tungsten, or gold. 
Laminate substrate bond pad 120 is fabricated on top surface 108 of laminate substrate 
102. Laminate substrate bond pad 120 is similar to laminate substrate bond pad 1 14 

L|, discussed above, and comprises the same material as laminate substrate bond pad 1 14. 

p 

6 Also shown in Figure 1, a first end of trace 122 is connected to laminate substrate 

\p. = 

^ ' bond pad 1 14, and a second end of trace 122 is connected to antenna element 124. Trace 
122 is fabricated on top surface 108 of laminate substrate 102, and electrically connects 

laminate substrate bond pad 1 14 to antenna element 124. Trace 122 can comprise 

in J 

^ aluminum or other metal such as copper. 

S "'a'- 

p As shown in Figure 1, antenna element 124 is fabricated on top surface 108 of 

laminate substrate 102. Antenna element 124 can be fabricated on top surface 108 of 
laminate substrate 102 utilizing methods known to one of ordinary skill in the art. For 
example, a mask can be used to pattem conductors on a copper metallization layer on top 
surface 108 of laminate substrate 102. The excess copper can be etched away, resulting 

20 in a defined metal pattem that can include, for example, antenna element 124. 

In another embodiment, antenna element 124 can be fabricated on bottom surface 
126 of laminate substrate 102. In yet another embodiment, antenna element 124 can be 
fabricated in a metal layer inside laminate substrate 102. Antenna element 124 can be 


I? 
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copper, or can comprise other metals such as aluminum or gold. In one embodiment, 
antenna element 124 can comprise copper covered by a thin layer of gold. 

In the present embodiment, antenna element 124 can have a square shape. For 
example, each side of antenna element 124 can be 8.0 millimeters. In the above example, 

5 an 8.0 millimeter by 8.0 millimeter size allows antenna element 124 to operate at a 

frequency of approximately 2.0 GHz. By way of another example, each side of antenna 
element 124 can be 9.0 millimeters. In another embodiment, antenna element 124 can be 
a different shape, such as a rectangle. Antenna element 124 can have a thickness of 
approximately 25.0 microns. Antenna element 124 can comprise a patch pattem, a 

BP meander line pattem, a slot line pattem, or a combination thereof. 

Antenna element 124 can be "loaded" by coupling a capacitor, not shown in 
Figure 1, to antenna element 124 to change its (i.e. antenna element 124) operating 

^ frequency. By way of background, "loading" allows an antenna element to operate at a 

;[ 'S~ 

Ifil higher frequency for a given size antenna element. For example, without "loading," a 

it 's^' 

M= straight or trace antenna requires a size of approximately 35.0 centimeters to operate at a 
frequency of 2.0 GHz. However, with "loading," the 8.0 millimeter by 8.0 millimeter 
antenna element discussed above can operate at a frequency of approximately 2.4 GHz. 
Antenna element 124 can be "loaded" by coupling a discrete capacitor, not shown in 
Figure 1, to antenna element 124. In one embodiment, antenna element 124 can be 

20 "loaded" by coupling an embedded capacitor to antenna element 124. 

Antenna element 124 is electrically connected to semiconductor die bond pad 1 12 
by bonding wire 110, laminate substrate bond pad 114 and trace 122. In other words, 
semiconductor die bond pad 1 12 "drives" antenna element 124. In the present invention, 
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the input impedance of antenna element 124 can be adjusted to match the output 


impedance at semiconductor die bond pad 112. For example, a power amplifier 


integrated in semiconductor die 104 may have a 10.0 ohm output impedance at 


semiconductor die bond pad 112. The input impedance of antenna element 124 can thus 


5 be adjusted to match the 10,0 ohm output impedance of the power amplifier at 


semiconductor die bond pad 1 12. Thus, the present invention allows the input impedance 


of antenna element 124 to be adjusted to match a desired output impedance at 


semiconductor die bond pad 112 without the use of costly impedance matching circuitry. 


l^k Also, antenna element 124 is situated in close proximity to semiconductor die 104 

w on top surface 108 of laminate substrate 102. Accordingly, the line losses generated in 
"il the connection between antenna element 124 and semiconductor die bond pad 1 12 are 


effectively minimized. Additionally, by fabricating antenna element 124 on top surface 
108 of laminate substrate 102, and thus integrating antenna element 124 in structure 100, 

if! % 

pt the present invention avoids the cost of having to assembly antenna element 124 as a 
|s discrete component. 

Also shown in Figure 1, mold compound 128 encapsulates and thereby protects 
semiconductor die 104, bonding wires 110 and 116, and antenna element 124 from 


chemical contamination or physical damage during use. Mold compound 128 can 


comprise various chemical compounds, such as multifunctional epoxy, novolac, and 


20 biphenyl resin or a combination thereof 


Further shown in Figure 1, laminate substrate ball pads 130, 132, 134, and 136 are 


fabricated on bottom surface 126 of laminate substrate 102. Laminate substrate ball pads 


130, 132, 134, and 136 can be copper; however, laminate substrate ball pads 130, 132, 
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134, and 136 can comprise other metals, such as aluminum, molybdenum, tungsten, or 
gold. Solder balls 138, 140, 142, and 144, respectively, are situated on laminate substrate 
ball pads 130, 132, 134, and 136. Solder balls 138, 140, 142, and 144, respectively, can 
provide an electrical connection between laminate substrate ball pads 130, 132, 134, and 
5 136 and a printed circuit board or other structure not shown in Figure 1 . In another 
embodiment, "lands" can be fabricated on bottom surface 126 of laminate substrate 102 
to electrically connect structure 100 to a printed circuit board. In such instance, the 
"lands" can be connected to the printed circuit board by solder. 

Antenna element 200 in Figure 2A illustrates a top view of an exemplary antenna 

fir 

•ssar 

l§ element in accordance with one embodiment of the present invention. For example, 

jTj antenna element 200 in Figure 2 A can correspond to antenna element 124 in Figure L 

^. Thus, similar to antenna element 124, antenna element 200 can be fabricated on the top 

if 

surface of a laminate substrate, such as laminate substrate 102 in Figure 1, and can be 

m 

[5=1 electrically connected to a semiconductor die bond pad, such as semiconductor die bond 

fl- 

p pad 112. 

Figure 2A shows top surface 202 of antenna element 200, which provides a 

surface for emitting or receiving electromagnetic radiation. In Figure 2 A, antenna 

element 200 comprises a "plate" pattem. Antenna element 200 can comprise similar 

materials as antenna element 124 in Figure 1. As shown in Figure 2 A, width 204 refers 

20 to the width of antenna element 200 in the "x" direction. By way of example, width 204 

may have a value of approximately 8.0 millimeters. The shape of antenna element 200 

can be square. In another embodiment, the shape of antenna element 200 can be 

rectangular. Also shown in Figure 2 A, length 206 refers to the length of antenna element 
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200 in the "y" direction. By way of example, length 206 might have a value of 
approximately 8.0 millimeters. The thickness of antenna element 200 can be 
approximately 25.0 microns. 

Antenna element 210 in Figure 2B illustrates a top view of an exemplary antenna 
5 element in accordance with one embodiment of the present invention. For example, 
antenna element 210 in Figure 2B can correspond to antenna element 124 in Figure 1. 
Thus, similar to antenna element 124, antenna element 210 can be fabricated on the top 
surface of a laminate substrate, such as laminate substrate 102 in Figure 1. Antenna 
1,^ element 210 can be electrically connected to a semiconductor die bond pad, such as 

b 

m semiconductor die bond pad 1 12. In Figure 2B, antenna element 210 comprises a slot 
Tl line pattem. 

In Figure 2B, antenna element 210 comprises top section 212, bottom section 214, 
and slot 216, Slot 216 is situated between top section 212 and bottom section 214. Top 
IJt section 212 can be copper, or can comprise other metals such as aluminum or gold. In 
p5 one embodiment, top section 212 can comprise copper covered by a thin layer of gold. 
Bottom section 214 can comprise the same materials as top section 212. The thickness of 
top section 212 and bottom section 214 can be approximately 25.0 microns. 

AntemA element 210 produces an electric field excitation and a magnetic field 
excitation, which complement each other. For example, an electric field is generated 
20 from the metal surfaces of top section 212 and bottom section 214, and a magnetic field 
is generated by slot 216. Thus, antenna element 210 operates by emitting magnetic 
radiation through slot 216 rather than electric radiation. 

Structure 300 in Figure 3 illustrates a cross-sectional view of an exemplary 
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Structure in accordance with one embodiment of the present invention. Structure 300 
includes laminate substrate 302, which provides support for semiconductor dies 304 and 
306. Laminate substrate 302 is similar to laminate substrate 102 in Figure 1, and can 
comprise the same materials as laminate substrate 102. 
5 As shown in Figure 3, semiconductor dies 304 and 306, respectively, are attached 

to die attach pads 308 and 3 10 on top surface 312 of laminate substrate 302. Die attach 
pads 308 and 3 10 are similar to die attach pad 106 in Figure 1, and can comprise the 
same materials as die attach pad 106. Semiconductor dies 304 and 306, respectively, are 
1=^ attached to die attach pads 308 and 3 10 by a die attach material, not shown in Figure 3, 
w such as silver-filled epoxy or bismalemide. Generally the die attach material can be an 

li 

f ^ electrically conductive or electrically insulative, thermoset adhesive, or a combination 

y 

thereof 

l^'; Also shown in Figure 3, a first end of bonding wire 3 14 is bonded to 

semiconductor die bond pad 3 16 on semiconductor die 304, and a second end of bonding 

5 

ft§ wire 3 14 is bonded to laminate substrate bond pad 318. Thus, bonding wire 3 14 provides 
an electrical connection between semiconductor die bond pad 316 and laminate substrate 
bond pad 318. A first end of bonding wire 320 is bonded to semiconductor die bond pad 
322 on semiconductor die 304, and a second end of bonding wire 320 is bonded to 
laminate substrate bond pad 324. Thus, bonding wire 320 also provides an electrical 

20 connection between semiconductor die bond pad 322 and laminate substrate bond pad 
324. Bonding wires 3 14 and 320 are similar to bonding wire 1 10 in Figure 1, and can 
comprise the same material as bonding wire 110. 

Further shown in Figure 3, a fnst end of bonding wire 326 is bonded to 
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semiconductor die bond pad 328 on semiconductor die 306, and a second end of bonding 
wire 326 is bonded to laminate substrate bond pad 330. Thus, bonding wire 326 provides 
an electrical cormection between semiconductor die bond pad 328 and laminate substrate 
bond pad 330. A first end of bonding wire 332 is bonded to semiconductor die bond pad 
5 334 on semiconductor die 306, and a second end of bonding wire 332 is bonded to 
laminate substrate bond pad 336. Thus, bonding wire 332 also provides an electrical 
cormection between semiconductor die bond pad 334 and laminate substrate bond pad 
336. Bonding wires 326 and 332 are similar to bonding wire 1 10 in Figure 1, and can 
H comprise the same material as bonding wire 110. 

p4 As shown in Figure 3, laminate substrate bond pads 318, 324, 330, and 336 are 

U. fabricated on top surface 3 12 of laminate substrate 302. Laminate substrate bond pads 

LJ 

■^^ 3 18, 324, 330, and 336 are similar to laminate substrate bond pad 1 14 in Figure 1, and 

if 

^ I comprises the same material as laminate substrate bond pad 1 14. 

PI 

iflj Also shown in Figure 3, a first end of trace 338 is cormected to laminate substrate 

p- 

bond pad 318, and a second end of trace 338 is connected to antenna element 340. Trace 
338 is fabricated on top surface 312 of laminate substrate 302, and electrically connects 
laminate substrate bond pad 3 18 to antenna element 340. Further shown in Figure 3, a 
first end of trace 344 is connected to laminate substrate bond pad 336, and a second end 
of trace 344 is cormected to anterma element 346. Trace 344 is fabricated on top surface 
20 312 of laminate substrate 302, and electrically connects laminate substrate bond pad 336 
to anterma element 346. Traces 338 and 344 can comprise aluminum or other metal such 
as copper. 

As shown in Figure 3, antenna elements 340 and 346 are fabricated on top surface 
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312 of laminate substrate 302. In another embodiment, antenna elements 340 and 346 
can be fabricated on bottom surface 348 of laminate substrate 302. In yet another 
embodiment, antenna elements 340 and 346 can be fabricated in a metal layer inside 
laminate substrate 302. Antenna elements 340 and 346 are similar to antenna element 
124 in Figure 1, and can comprise the same materials as antenna element 124. The 
thickness of antenna elements 340 and 346 can be approximately 25.0 microns. 

The shape of antenna elements 340 and 346 can be square. In another 
embodiment, the shape of antenna elements 340 and 346 can be rectangular. In yet 
l'^ another embodiment, the shape of anterma element 340 can be different from the shape of 
anteima element 346. The size of antenna elements 340 and 346, respectively, is 
determined by the desired operating frequency of antenna elements 340 and 346. For 

:: c. 

S ; Jr. 

example, for a desired operating frequency of 2.0 GHz, each side of antenna elements 


IT 


m 


340 and 346 can be approximately 8.0 millimeters. Antenna elements 340 and 346 can 

jfij comprise patch pattems, slot line pattems, meander line pattems, or a combination 

p 

% thereof 

Antenna elements 340 and 346 can be horizontally polarized or vertically 
polarized. In one embodiment, antenna element 340 may be horizontally polarized and 
anterma element 346 may be vertically polarized. In such instance, antenna element 340 
would capture horizontally polarized radiation and antenna element 346 would capture 
20 vertically polarized radiation. 

Antenna elements 340 and 346, respectively, are electrically connected to 
semiconductor die bond pads 3 16 and 334 by bonding wires 3 14 and 332, laminate 
substrate bond pads 318 and 336, and traces 338 and 344. Similar to antenna element 
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m 


124 in Figure 1, the input impedance of antenna elements 340 and 346, respectively, can 
be adjusted to match the output impedance at semiconductor die bond pads 316 and 334 
without the use of costly impedance matching circuitry. 

Also, similar to antenna element 124 in Figure 1, antenna elements 340 and 346, 
respectively, are situated in close proximity to semiconductor dies 304 and 306 on top 
surface 312 of laminate substrate 302. Accordingly, the line losses generated in the 
connection between antenna elements 340 and 346, respectively, and semiconductor die 
bond pads 316 and 334, are effectively minimized. Additionally, by integrating antenna 
elements 340 and 346 in structure 100, the present invention avoids the cost of having to 
li assemble antenna elements 340 and 344 as discrete components. 

Also shown in Figure 3, mold compound 350 encapsulates and thereby protects 

y 

semiconductor dies 304 and 306, bonding wires 314, 320, 326, and 332, and antenna 
elements 340 and 346 from chemical contamination or physical damage during use. 
Mold compound 350 is similar to mold compound 128 in Figure 1, and can comprise the 
same materials as mold compound 128. 

Further shown in Figure 3, laminate substrate ball pads 352, 354, 356, and 358 are 
fabricated on bottom surface 348 of laminate substrate 302. Laminate substrate ball pads 
352, 354, 356, and 358 are similar to laminate substrate ball pads 130, 132, 134, and 136 
in Figure 1, and can comprise the same materials as laminate substrate ball pads 130, 132, 
20 134, and 136. Solder balls 360, 362, 364, and 366, respectively, are situated on laminate 
substrate ball pads 352, 354, 356, and 358. Solder balls 360, 362, 364, and 366, 
respectively, can provide an electrical connection between laminate substrate ball pads 
352, 354, 356, and 358 and a printed circuit board or other structure not shown in Figure 
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3. In another embodiment, "lands" can be fabricated on bottom surface 348 of laminate 
substrate 302 to electrically connect structure 300 to a printed circuit board. In such 
instance, the "lands" can be connected to the printed circuit board by solder. 


5 can be used for implementing the concepts of the present invention without departing 
from its scope. Moreover, while the invention has been described with specific reference 
to certain embodiments, a person of ordinary skill in the art would recognize that changes 
can be made in form and detail without departing from the spirit and the scope of the 
f invention. The described embodiments are to be considered in all respects as illustrative 


l^fc particular embodiments described herein, but is capable of many rearrangements, 
modifications, and substitutions without departing from the scope of the invention. 


From the above description of the invention it is manifest that various techniques 



and not restrictive. It should also be understood that the invention is not limited to the 



Thus, a laminate package embedded antenna has been described. 
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